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(54) Processes for producing poly(alkylene ether) glycol 

(57) Disclosed are a process for producing a 
poly(alkylene ether) glycol which comprises polymeriz- 
ing a cyclic ether in the presence of at least a catalyst 
and a carboxylic acid anhydride, wherein the carboxylic 
acid anhydride has a ketene dimer content of 50 ppm or 
lower, and a process for producing a poly(alkylene 
ether) glycol which comprises polymerizing a cyclic 
ether in the presence of at least a catalyst and acetic 
anhydride, wherein the acetic anhydride is purified ace- 
tic anhydride obtained by treating acetic anhydride by 
contacting with at least one of a metal oxide and a 
mixed oxide, and optionally, distilling the acetic anhy- 
dride simultaneously with or after the contact treatment. 
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Description 

FIELD OF THE INVENTION 

[0001] The present invention relates to processes s 
for producing a poly(alkylene ether) glycol by polymeriz- 
ing a cyclic ether. More particularly, the invention relates 
to processes for producing a less colored pdy(alkylene 
ether) glycol. The poly(alkylene ether) glycol is used as 
a raw material for urethane elastic materials and ther- 10 
moplastic elastic materials. 

DESCRIPTION OF THE RELATED ART 

[0002] A known process for producing a is 
poly(alkylene ether) glycol comprises subjecting a 
cyclic ether to ring-opening polymerization using a solid 
acid catalyst and acetic anhydride as an initiator and 
then subjecting the polymer to hydrolysis or transesteri- 
fication (see, for example, JP-B-62-19452 and JP-A-8- 20 
231706). (The terms "JP-B" and "JP-A" as used herein 
mean an "examined Japanese patent publication" and 
an "unexamined published Japanese patent applica- 
tion", respectively.) 

[0003] However, this process has a drawback that 25 
the reactions yield a colored poly(alkylene ether) glycol 
when conducted over a prolonged time period. 

SUMMARY OF THE INVENTION 

30 

[0004] An object of the invention is to provide a 
process for producing a poly(a!kylene ether) glycol 
which comprises subjecting a cyclic ether to ring-open- 
ing polymerization using a solid acid catalyst and a car- 
boxy] tc acid anhydride as an initiator and in which the 35 
coloration of the poly(alkylene ether) glycol being 
yielded is inhibited. 

[0005] The present inventors made intensive inves- 
tigations in order to eliminate the problem described 
above. As a result, they have found that the coloration 40 
can be inhibited to produce a poly(alkylene ether) glycol 
having an excellent hue by reducing the ketene dimer 
content of the carboxylic acid anhydride for use in the 
reaction. They have further found that the ketene dimer 
can be considerably diminished by treating the carboxy- 45 
lie acid anhydride by contacting with a specific treating 
agent. The invention has been achieved based on these 
findings. 

[0006] The invention provides, according to a first 
aspect thereof, a process for producing a poiy(alkylene so 
ether) glycol which comprises polymerizing a cyclic 
ether in the presence of at least a catalyst and a carbox- 
ylic acid anhydride, wherein the carboxylic acid anhy- 
dride has a ketene dimer content of 50 ppm or lower. 
[0007] The invention further provides, according to 55 
a second aspect thereof, a process for producing a 
poly(alkylene ether) glycol which comprises polymeriz- 
ing a cyclic ether in the presence of at least a catalyst 



and a carboxylic acid anhydride, wherein the carboxylic 
acid anhydride is one which has been treated by con- 
tacting with a metal oxide and/or a mixed oxide. 
[0008] The invention furthermore provides, accord- 
ing to a third aspect thereof: a process for producing a 
urethane polymer obtained by reacting the 
poly(alkylene ether) glycol obtained by either of the 
processes described above with an organic polyisocy- 
anate compound; and an elastic fiber comprising the 
urethane polymer. 

[0009] The invention still further provides, accord- 
ing to a fourth aspect thereof, a poly(alkylene ether) gly- 
col which is obtained by polymerizing a cyclic ether in 
the presence of at least a catalyst and a carboxylic acid 
anhydride and has a hue of below 20 in terms of APHA 
unit. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

[0010] The invention will be explained below in 
detail with respect to embodiments thereof. 
[001 1] The cyclic ether for use in the invention gen- 
erally is a cyclic ether having 2 to 10 carbon atoms. 
Examples thereof include ethylene oxide, propylene 
oxide, tetrahydrofuran (THF), 1,4<jioxane, tetrahydro- 
pyran, and oxetane. Especially preferred of these is 
THF from the standpoints of availability and handleabil- 
ity 

[0012] The carboxylic acid anhydride used as a 
polymerization initiator is not particularly limited. How- 
ever, acetic anhydride is generally used from the stand- 
point of industrial availability. 

[001 3] In general, in the synthesis or decomposition 
of a carboxylic acid anhydride, e.g., acetic anhydride, a 
ketene generates in a slight amount and dimerizes to 
form a ketene dimer. 

[0014] Known processes for industrially producing 
a carboxylic acid anhydride, e.g., acetic anhydride, 
include the following: (i) a process comprising pyrolyz- 
ing the vapor of acetic acid, acetone, or an acetic ester 
to yield a ketene gas and causing the ketene to be 
absorbed by and react with acetic acid; (ii) a process 
comprising reacting acetic acid with phosgene using 
anhydrous aluminum chloride or the like as a catalyst; 
and (iii) a process comprising heating ethyl id en e diace- 
tate in the presence of a catalyst, e.g., zinc chloride. 
[001 5] These processes each yields a ketene dimer 
as a by-product Since the difference in boiling point 
between acetic anhydride and the ketene dimer is 
small, acetic anhydride of the industrial grade (hereinaf- 
ter sometimes referred to as "crude acetic anhydride") 
contains the ketene dimer generally in an amount of 
about 100 ppm. In addition, the carboxylic acid anhy- 
dride partly decomposes into the carboxylic acid and a 
ketene due to thermal equilibrium and this ketene 
dimerizes to yield a ketene dimer. 
[0016] It is important that the carboxylic acid anhy- 
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dride for use in the invention should be regulated so as 
to have a ketene dimer concentration of generally 50 
pprn or lower, preferably 10 ppm or lower, more prefera- 
bly 5 ppm or lower. In this specification, the values of 
ketene dimer concentration are by weight. 5 
[0017] Methods for reducing the ketene dimer con- 
tent in the carboxylic acid anhydride to 50 ppm or lower 
are not particularly limited. Examples thereof include 
precision distillation, treatment with an ion-exchange 
resin, treatment with a metal oxide, and treatment with a 10 
mixed oxide. These methods may be used in combina- 
tion of two or more thereof. Preferred of these is treat- 
ment with an ion-exchange resin, treatment with a metal 
oxide, treatment with a mixed oxide, or a combination of 
two or more thereof. 15 
[0018] The metal oxide is not particularly limited. 
Preferred examples thereof include aluminum oxides 
such as ralumina, zirconium oxide, titanium oxide, nio- 
bium oxide, and tantalum oxide. 

[0019] The mixed oxide may be a crystalline or 20 
amorphous compound. Examples thereof include zeo- 
lites, activated clays, and mixed oxides each comprising 
an oxide of two or more elements selected from the ele- 
ments in Groups 3, 4, 13, and 14 and having an acid 
strength of +3.0 or lower in terms of Hq. 25 
[0020] The zeolites are not particularly limited. Pre- 
ferred examples thereof include crystalline aluminosili- 
cates such as the ZSM-5, p, Y, MCM-22, mordenite, and 
ZSM-12 types. Also usable are crystalline metallosili- 
cates formed by replacing the aluminum of such crystal- 30 
line aluminosilicates with another trivalent metal 
element. 

[0021 ] Examples of the mixed oxides each compris- 
ing an oxide of two or more elements selected from the 
elements in Groups 3, 4, 1 3, and 1 4 and having an acid 35 
strength of +3.0 or lower in terms of H 0 include ziroonia- 
silica, hafnia-silica, silica-alumina, titania-silica, and tita- 
nia-zirconia. 

[0022] Methods for the contact treatment of the car- 
boxylic acid anhydride with a metal oxide and/or a mixed 40 
oxide are not particularly limited, and the treatment may 
be conducted by either the suspension or fixed bed 
method. In the case where the contact treatment is con- 
ducted batch wise, the treatment may be accomplished 
by merely immersing the metal oxide and/or mixed 45 
oxide in crude acetic anhydride. 
[0023] The amount of the metal oxide and/or mixed 
oxide used in the contact treatment varies depending on 
the method of contact, and need not be especially spec- 
ified. However, in the case of, for example, mere immer- so 
sion in crude acetic anhydride by a batch method, the 
amount of the metal oxide and/or mixed oxide is gener- 
ally about from 0. 1 to 5 parts by weight per 1 00 parts by 
weight of the crude acetic anhydride. 
[0024] The shape of the metal oxide and/or mixed 55 
oxide is not particularly limited, and may be either pow- 
dery or particulate. Although the specific surface area 
thereof is not particularly limited, it is generally selected 



from the range of from 10 to 1,000 rrfrg: 
[0025] The time for the contact treatment varies 
depending on the method of contact and the purity of 
the crude acetic anhydride to be treated. However, it is 
generally about from 0.1 to 100 hours. In the case of a 
continuous method, the time for contact treatment 
means average residence time. 
[0026] The temperature for the contact treatment is 
not particularly limited, and the treatment is generally 
conducted in the range of about from room temperature 
to the boiling point of acetic anhydride, i.e., about 
140°C. 

[0027] Distillation treatment (hereinafter sometimes 
referred to simply as distillation) can be conducted in 
combination with the contact treatment described 
above. The distillation may be conducted either while 
keeping the carboxylic acid anhydride in contact with 
the metal oxide and/or complex oxide or after the metal 
oxide and/or complex oxide has been separated from 
the acid anhydride. This distillation may be precision 
distillation or simple distillation with, e.g., a distilling 
tank. Although the distillation may be conducted at 
atmospheric or a reduced pressure, it is preferred to use 
a reduced pressure. 

[0028] By the method described above, a carboxylic 
acid anhydride having a ketene dimer concentration 
reduced to 50 ppm or lower is obtained. 
[0029] In the processes for poly(alkylene ether) gly- 
col production of the invention, the use amount of the 
carboxylic acid anhydride is generally from 0.1 to 100 
mol, preferably from 1 to 30 mol, per 100 mol of the 
cyclic ether. 

[003O] From the standpoint of catalyst life, the car- 
boxylic acid anhydride is preferably used in combination 
with the corresponding carboxylic acid. The use amount 
of this carboxylic acid is generally from 0.1 to 10 mol per 
100 mol of the carboxylic acid anhydride. 
[0031] The catalyst used in the processes of the 
invention is usually a solid acid catalyst comprising a 
metal oxide. Examples of this solid acid catalyst include 
oxides of metals in Groups 3, 4, 13, and 14 and mixed 
oxides containing a metallic element in Group 3, 4, 13, 
or 14. Specific examples thereof include metal oxides 
such as yttrium oxide, titania, zirconia, alumina, and sil- 
ica and mixed oxides such as zirconia-silica, hafnia-sil- 
ica, silica-alumina, titania-silica, and titania-zirconia. 
Also usable are these mixed oxides which further con- 
tain other metallic elements. 

[0032] The use amount of the catalyst varies 
depending on whether the reaction is carried out by the 
fixed bed or suspension method or whether the reaction 
is conducted continuously or batchwise. In the case 
where the reaction is conducted continuously by the 
suspension method, the catalyst amount is in the range 
of generally from 0.1 to 100 parts by weight, preferably 
from 1 to 50 parts by weight, per 100 parts by weight of 
the feed liquid amount per hour. 
[0033] Although the reaction in the processes of the 
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invention is generally conducted in the absence of a sol- 
vent, it may be conducted using a solvent. In the case of 
using a solvent, however, care should be taken to pre- 
vent the solvent from bringing a ketene dimer into the 
reaction system. 

[0034] The reaction is preferably carried out in a liq- 
uid phase using a solid catalyst, and may be conducted 
continuously or batchwise. Although the catalyst in the 
continuous reaction may be used as a fixed bed or in a 
suspended state, it is preferably used in a suspended 
state for the continuous reaction from the standpoint of 
production cost. In the case where the reaction is con- 
ducted continuously, it is preferred to recycle the unre- 
ached reaction mixture to the polymerization zone. 
[0035] In the case where the continuous reaction is 
conducted while recycling the carboxylic acid anhydride 
to the polymerization zone, the amount of the ketene 
dimer is regulated to 50 ppm or smaller based on the 
total amount of the freshly fed carboxylic acid anhydride 
and the recycled carboxylic acid anhydride. More pref- 
erably, the freshly fed carboxylic acid anhydride and the 
recycled carboxylic acid anhydride each is regulated so 
as to have a ketene dimer concentration of 50 ppm or 
lower. 

[0036] The reaction temperature is not particularly 
limited as long as a liquid phase can be maintained. 
However, it is generally from 0 to 200°C, preferably from 
10 to 80°C, more preferably from 20 to 60°C. 
[0037] The reaction pressure is generally from 
atmospheric pressure to 10 MPa, preferably from 
atmospheric pressure to 5 MPa. 
[0038] The reaction time is not particularly limited. 
However, it is preferably from 0. 1 to 20 hours, more pref- 
erably from 0.5 to 15 hours. The term reaction time 
means average residence time when the reaction is 
conducted continuously. 

[0039] The poly(alkylene ether) glycol diester thus 
obtained is subjected to hydrolysis or transesterif ication 
by an ordinarily used known method, whereby a 
poly(alkylene ether) glycol can be produced. 
[0040] The molecular weight of the polymer 
obtained by the processes of the invention varies 
depending of the kind of the cyclic ether. However, in the 
case where THF is used as a raw material to produce 
poly(tetramethylene ether) glycol, the number-average 
molecular weight (M„) of this polymer is generally from 
500 to 50,000, preferably from 1,000 to 20,000 and the 
ratio of the weight-average molecular weight thereof to 
the number-average molecular weight thereof (Mw/M n ) 
is generally in the range of from 1 .0 to 3.0. 
[0041] The hue of the poly (tetramethylene ether) 
glycol obtained by the processes of the invention is 
below 20, preferably 10 or lower, in terms of APHA unit 
(see JIS K 1557-1970, which corresponds to ASTM D- 
1209). 

[0042] A urethane polymer can be produced by 
reacting the poly(alkylene ether) glycol obtained by the 
processes of the invention with an organic polyisocy- 



anate compound. The urethane polymer can be used as 
an elastic fiber, foam, elastomer, or the like. 
[0043] The isocyanate compound for use in the ure- 
thane polymer production may be a known isocyanate 

s compound. Examples thereof include aromatic isocy- 
anates such as tolylenediisocyanate, diphenylmethane- 
diisocyanate, and 1 ,5-naphthylenediisocyanate. For 
producing the polymer, ordinarily used known methods 
may be employed. For example, the solution polymeri- 

10 zation method may be used for producing elastic fibers 
(see "Kagaku Binran Oyokagaku Hen", edited by The 
Chemical Society of Japan, Maruzen Co., Ltd., pp.605- 
606, published on Oct. 15, 1986). 

15 EXAMPLES 

[0044] The invention will be explained below in 
more detail by reference to Examples, but the invention 
should not be construed as being limited to the following 
20 Examples unless the invention departs from the spirit 
thereof. 

EXAMPLE 1 

25 [0045] In 2,000 ml of industrial-grade acetic anhy- 
dride (ketene dimer content, about 100 ppm) was 
immersed 30 g of zirconia-silica (specific surface area, 
200 rrr^/g) for 24 hours. Subsequently, the zirconia-silica 
was removed by filtration, and the resultant filtrate was 

so distilled at a reduced pressure of 1 00 Torr to obtain puri- 
fied acetic anhydride. 

[0046] The purified acetic anhydride had a ketene 
dimer content of 5 ppm or lower. This acetic anhydride 
was heated in a sealed glass tube at 160°C for 2 hours. 

35 As a result, the acetic anhydride remained colorless. 
[0047] Into a reactor for suspension type continu- 
ous polymerization having a capacity of 520 ml was 
introduced 10.4 g of a zirconia-silica catalyst. A feed 
material mixture composed of THF, the purified acetic 

40 anhydride, and acetic acid in a molar ratio of 1 00/8/0.46 
was continuously fed thereto at a rate of 46 ml/hr to con- 
duct continuous polymerization at a reaction tempera- 
ture of 35°C. 

[0048] At 260 hours after initiation of the reaction, 
45 the results of the reaction included an M n of 2,060, an 
lvVM n of 2.05, and a THF conversion of 31%. Subse- 
quently, sodium methoxide was used to conduct trans- 
esterrfication. Thus, po!y(tetramethylene ether) glycol 
was obtained, which had a hue of 10 or lower in terms 
so of APHA unit (see J IS K 1 557-1 970). 

EXAMPLES 

[0049] Purification of acetic anhydride and continu- 
55 ous polymerization of THF were conducted in the same 
manner as in Example 1, except that zeolite p (manu- 
factured by PQ Co.,; Si/AI 2 =25; specific surface area, 
500 m 2 /g) was used in place of the zirconia-silica for the 
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purification of industrial-grade acetic anhydride (ketene 
dimer content, about 100 ppm). 
[0050] The purified acetic anhydride had a ketene 
dimer content of 5 ppm or lower, and remained colorless 
when heated in a sealed glass tube at 160°C for 2 s 
hours. The poly(tetramethylene ether) glycol obtained at 
260 hours after initiation of the polymerization reaction 
had a hue of 10 or lower in terms of APHA unit. 

EXAMPLE; 3 10 

[0051 ] A jacketed fixed-bed column having a diam- 
eter of 1 inch was packed with 12 g of an activated clay 
(Tonsil Optimum FF, SOd-Chemie AG; molded with an 
extruder; specific surface area, 240 m 2 /g). While 40°C is 
warm water was kept being circulated through the 
jacket, industrial-grade acetic anhydride (ketene dimer 
content, about 100 ppm) was fed to the fixed-bed col- 
umn at a rate of 20 cc/hr. The treated liquid discharged 
from the column outlet was distilled at a reduced pres- 20 
sure of 100 Torr to obtain purified acetic anhydride. 
[0052] This purified acetic anhydride had a ketene 
dimer content of 5 ppm or lower, and remained colorless 
when heated in a sealed glass tube at 160°C for 2 
hours. This acetic anhydride was used to conduct con- ss 
tinuous polymerization of THF in the same manner as in 
Example 1. As a result, the poly(tetramethy1ene ether) 
glycol obtained at 260 hours after initiation of the reac- 
tion had a hue of 10 or lower in terms of APHA. 

30 

COMPARATIVE EXAMPLE 1 

[0053] Industrial-grade acetic anhydride (ketene 
dimer concentration, about 100 ppm) was heated in a 
sealed glass tube at 160°C for 2 hours without being 35 
purified. As a result, the acetic anhydride slightly 
colored. 

[0054] The unpurrfied industrial-grade acetic anhy- 
dride was used to conduct continuous polymerization of 
THF in the same manner as in Example 1 . At 260 hours 40 
after initiation of the reaction, the results of the reaction 
included an M n of 2,110. an M„/M n of 2.05, and a THF 
conversion of 28%. Subsequently, sodium methoxide 
was used to conduct transesterification. The 
poly(tetramethylene ether) glycol obtained had a hue of 45 
40 in terms of APHA unit, showing that it had colored 
considerably. 

[0055] As described above, according to the proc- 
esses of the invention, poty(alkylene ether) glycol pro- 
duction can be conducted over a prolonged period of so 
time while inhibiting coloration, whereby a poly(alkylene 
ether) glycol of satisfactory quality can be obtained. 

Claims 

55 

1 . Process for producing a poly(alkylene ether) glycol 
which comprises polymerising a cyclic ether in the 
presence of at least a catalyst and a carboxylic acid 



anhydride, wherein the carboxylic acid anhydride 
has a ketene dimmer content of 50 ppm by weight 
or lower. 

2. Process of claim 1, wherein the cyclic ether is tet- 
rahydrofuran. 

3. Process of any of claims 1 to 2, wherein the catalyst 
is a solid acid catalyst. 

4. Process of claim 3, wherein the solid acid catalyst is 
a metal oxide. 

5. Process of claim 4, wherein the metal oxide is an 
oxide of a metal of Group 3, 4, 13 or 14 or a mixed 
oxide thereof. 

6. The process of any of the preceding claims, 
wherein the carboxylic acid anhydride is one which 
has been treated by contacting with at least one of 
a metal oxide and a mixed oxide. 

7. The process of claim 6, wherein the carboxylic acid 
anhydride has further undergone distillation simul- 
taneously with or after the contact treatment. 

8. The process of claim 6 or 7, wherein the metal 
oxide or mixed oxide is at least one of an oxide of a 
metal in Group 3, 4, 13 or 14 or a mixed oxide 
thereof. 

9. Process of daim 1, wherein the carboxylic acid 
anhydride is acetic anhydride. 

10. A poly(alkylene ether) glycol which is obtainable by 
a process according to any of claims 1 to 9 and has 
a hue of below 20 in terms of APHA unit. 

11. Process for producing a urethane polymer which 
comprises reacting the poly(alkylene ether) glycol 
of claim 10 with an organic polyisocyanate com- 
pound. 

12. Elastic fiber comprising the urethane polymer 
obtained by the process of claim 1 1 . 
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